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STUDY or BUTmtFLT VALVES Fe& PEARL Rlm U>CD 

J.!ODEL DIVESTIGATIOI 

Introduotlon 

1. Three looks are authorhecl tor oonatruction on a oan&l 

puallollnc the Pearl Rlvor itl!l1odiatel7 south or Bocaluaa, 1n 1outh

outorn Louisiana. . Eaoh look 1a to be 65 tt wide by 310 tt long cd 

is to have a mini.mma depth ot lO tt over the dlla. LU'ta .will Tar'/ 

from 5 to 28 tt at Look l._ i'mnL 13- to_ 22 It at_ Look_2.- d-fl>om_J.l_ 

to 17 tt at Look 3. Fillillg ot these looks -will be aoaonapU.ahed b7 

loop culvert• around the mi.tor cato1, tlow through wbloh wUl be 

controlled b7 threo buttertly valves an-anged a1 8hown. on plate 1. 

2. One o:t the three locka proposed, Look 1, ha• been oonatruo~4 

and 1a now in oporAtion. Control valves tor thb look .,. at preeent 

oporatecl manuall71 howover, plane are being made to moohanh• theft 

vahes and to provide auto:natio operation tor the v&lvea on th• o1her 

two look1. .Prior to deeigning operating machinery the .Mobil• Dlatrlot 

oonduotecl a sor1oa ot toata at Look 1 to detenlli.n• the h)'d.raulio 

toroe1 aoting on the butterfly valvea. A heed d11'teront1al ot 11.1 ft 

obtained during the period in '\'lhich the teats •re oon4uoW. M.th 

tho three valvea oonneoted. to the 11ame drirlng moohanbm., the torque 

resulting trom h1tlraul1o torooa amounted to a maximum ot 129 t.n.-kipa 

and tondod to oloae the system. A oloaing torque of 73 1.n.-ldp1 _. 

I!IO&aured on vabo A (plate 1) whon operatod alone. Per1onnel ot the 
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Jloblle District were ot tht opinion that euoh torque value1 •re 

exoesdve and requested that a short 1er1e1 ot model teat1 be oon

c!uoted. to determine it h1draul1o. f"oro~•- -•~i;it!g_ _QJ1. the .. yabe• oou,14 

be reduced by addition ot eome ayatem. ot det'leotor1 or battl.9 plate1 • 

.Actual authorization tor the tests 1':9.S contained in a letter dat.ed 

25 Uay 1949, to the l'latertJ811 Experiment Station, eubjeot1 •Y.o4e1 

Sbidy ot Look Culvert Val ve1 tor Pearl River 14cka." S!noo time •• 

tho essence, the toata •r• oont1ned to eight combinationa ot 

dei'lector1 and battle platea proposed by the J~bUe Diltr:lot ottioe. 

Testa vere conduo.~ ~ the- perl-od Jun.e-Aug11tt 1918. 

3, A ls8-aoale. raodel reproduced the culvert entranoe, the 

valve seotion, the ri&ht-ancle elbow 1mnediate17 below th• row 
section, and about ~ tt ot the culvert. The culvert •• oonetnotecl 

ot tranoparent plexiglua, the valvea wore Jr.ade ot bra.ea, 11214 tb,e · 

valve shafts or 1tainlos1 steel. The valve ahatt1 wre mountecl Gil 

atainlesa steel beer!ng1, thereby reduoing triotion to a minhml. 

Uountod to oaoh valve Bhatt 111.1 a horizontal arm ot knom length to 

which •• attached preoise spring scales tor tho ~aaurement ot 

toroe1 acting on tho valves, Theee arma were eo linlced. to&ether that 

th• reaulting toroe oou14 bo moaeured ind1v1duallT for each nln or 

tor an1 oombination ot Talw1. 

T~at1 Uld Result• 

4. Tosta wore conduotod on the valve• u inatalled. Sa the 

existing look and on seven moditicationa theroor. Data oolleoW 
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are tabulated bi tables 1-3 and are 1ummariaed !n the plot1 on plate• 

2-12. Sinoe discharge through the valve1 n1 not a oritioal taotor, 

provhione •re not made to measure discharge tor all teats. Howe-.er, 

taoil1t1•• in llhich the :model ,., installed permitted d11charge1 up to 

about 700 cte (prototype)• 11hich conati tUted about o.6 of the nwximua 

discharge to be measured aocuratol7. It was noted that ever1 arrange• 

. ment em.ployed to reduo• torque (detleotora or battle platGs) caused 

discharge oapacitiee to be reduced. 

5. Initial teata on the model T.ere conducted under & head ot 

il.l i't in order to- pro-vid.e- a- ci-iZoect- oompari~n-wl'bh- dat-a-obtalne4-on

the prototype look•.• Various oanbination1 ot valvea ~perating an4 

openings were invo1t1gate4. It was fowld that the charaoter11t101 of 

the torque ounee obtained from the riodel and prototype 11ere general17 

similar, although the maximum torque measured wa.1 usuall7 greater with 

the model valves than that with the prototype (plates 2 and ~ d 

table 1). Sinoe it was neoosa817' to adjust the prototjpe measurement• 

to compensate tor frictional etteot1, the prototype torque valuee 

presented were considered approximate. 

6. In teats conducted for comparison ot the proposed sohemea ot 

hiprovement, a head cUtterential ot 16. 75 tt was used ancl, although 

multiple valve operation waa at equal openings, individual measurement• 

ot the toroe tending to close each valve were made. The produn ~ 

the1e toroea and the moment arm (4 tt) gave the torque valuea proaentecl 

in the tables and plotted on the plate1. For a head 41tterentia1 ot 

16.75 1't and the original-design wlve &-maximu:m torque ot about 



98 in •• Jdpl 11&1 :nea11.1red OD the ~OD oE Oaoh Of the three T&lTOla 

The maXlMU11 torque wa1 moasured nth· the valn1 ~ open (plate b). 

0129 deflector ,.. added to the domatream aide ot the val.,. led' 

that mowa upatrea:n ae .• valve 1e opened (test 2). It 1'U toun4 

that thll deflector reduced :maximum torque to about 86 1n.·k1p1 on 

TalT8 A, end 77 in.-kipa on valvea D and C (plate 5). Addition ot 

a second deflector on the down1tream side ot tho nlve leaf that 

mov&1 upstream u the valve 11 opened (test 3) 1\ll'thor re4uoe4 

ma:d.J'll.lll1 torque to about 51' in.-k1p1 cm. valve A, 51 1n.-k1p1 on 

valn :s, anct 56 m.•ldp• on val~ c {plate- 6). In- eombinat1-on-i4-th

the t-., detlectOl'I preTioual:y installed. one deflector wu adde4 to 

the upstream lid• ot·tho valve loat that moTea downatrelllll when the 

valve b opened (test 4). For thia arrangement ma:dmm torque 

ll'IOaaured on the valna waa aa follon• n.1Te1 A IUl4 c. ~7 tn.-ldp1 

and valve B, 28 in.-Jdp1 (plate 7). For teat S the deflector .. 

ren:.owd trom the leaf' ot the valn that movea domatreaa u the 

valve ie opened, and a plate was 1n1talled on the valve aa ahom ·on 

plate 8. Thh arrangement caused an inoreaae in torque to about 

79 1n.-kipa on valve A. 57 in. kipa on vahe B. and 59 in.•k1pa oa 

valve c. '?oat 6, data tor mlch are presented on plate 9. iD.wl"4 

the uae ot three deflector• in almllar poa1 t1ona to those uu4 1A 

te.t b, but with longer arma. Thia arrang8J:lent produoecl 11airj111J11 

torque ot about 22 in.•kipe on valna A am C, aDd 19 ln.-klpl GD 

nlve B. S!noe test 6 produced torque valuea oonalderecl to be ... 11 

within those allowable. thia arrange!:lent was teated under a held 



ditterential ot 28 tt, the maximum to be ezpeoted at an7 Ot the low. 

Torque measured w1 th a 28-tt head ditterent1al aounte4 to a muinm 

ot 31 ·m.-kipa on valw• A and n, and 3a.5 in.-kip• on valn C 

(plate 10). Comparison ot torque values obtained tor th• twa oon-

di t1on1 ot head ditterential indicate 1n general that the torque oa 
- ·-- - .. -- - - -- - - - - - -

For test 7 the arrangement ot dotleotor1 used in teat 4 waa suppl•• 

mentocl by the addition ot plate• on bot.h the upstream and do1111trea 

loavea ot the valTe (plate 11). Thia &JT~t oaueed a alight 

reduotion in tct~ cmw that obtal.necl- ill- teat- 4- (oomplll"9 platn-11-

and 7). The acheme innstlgatod a1 ten 8 oonlietod ot the three 

deflootora used in teat 6 plua an additional detleotor on the upatrem 

aide ot the leat ot tho valve that mo?Oa downstreU\ u the valn i• 

opened. Thia arrangement produced greator torque than 414 the three 

detleotor• uaecl 1n teat 6 (compare plate1 12 Ul4 9). 

7. Comparison ot re1Ult11 ot all r.lton.tiona erreoted tor th8 

variou1 test• 1ndioate1 that the battle arrancement designated teat 6 

(platea 9 and 10) provided the best torque ooncli tion1 ot tm7 ot the 

type• inveatigated. For a head ditterential ot 16. 75 ft the maxbnaa 

torque obtained tor test 6 was 21.5 in.-kip• whereas the iu.x1mua · 

torque obtained 114.th the or1ginal-de1ign valn 'WU 98 1n.-kipa. For 

a hea4 d.1tterent1al ot 28 tt the m•xhnum torque ot ,a. 5 1n.-kl119 

recorded during te1t 6 represent• onl7 about 23 por oent ot t!l9 

oomputed maxbum torque that would obtain under like oondl tlona tor 

the original -valn. The oo:nputod maxinm torque (165 t.n.-Jdpa) •• 
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based on the premise mentioned in the pre-doua paragraph that the 

.i!q~e __ .,aried_~ireotl1 aa the head d1t'terentia1_~0~11 ~-!-~'".!-~

The discharge oapaoi t7 w1 th the test 6 arrangement waa on11' h6 per 

oent a1 moh a.a w1 th the . original valves (test 1) when one-quarter 

opon. and 65 per oent aa muoh as men ono-hAlt open. .Althoup l' 

-.. not poas1ble to obtain msasurr;t:enta, it 18 belbve4 that the 

ditterenoe 1n d1soharge betwocm the two 4elign11 T.OU14 booome le11 

a1 the valn opening inoreue4. 

8. lloamrea to reduoo torque et1'eote4 oonsequont reduots.ona 
. --------------

in 1*'drauliC!_ __ OaF_!O_!_~~·~· irowewr~-i-;,-forques Wl"e oonai\ierec{ more 

crltioal than time ot tilling the look. Therefore, the type ot 

valve inTostisated in toat 6 11 oonddered the beat ot thoae teate4 

tor installation in tho protot11>9. · 
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llODEL-PROrOTYPI COllP.AJlIS<ll 

Total Torque OD 

Valw1 Val ft Head Dhcbarse ValH Tl'llDlllOD .. 
Operatl.Jll OpeDinC Dlttenntlal Froll llodel .. llodelH Protot~ 

(rt) (eta) (In. ltlf!) (In. llf!) 

A, B l/4 ll.l 268 70.9 68.4 

A, B 3/8 ll.l 427 95.2 

A, B l/2 ll.l 537 92.2 92.9 

A, B 5/8 ll.l 6ll 70.6 

A, B 3/4 ll.l 643 40.0 67.2 

A, B run ll.l 614 24.6 . 2.4 

B, C l/4 u.1 293 99.J ll7.6 

B, C ·;1a ll.l 404 129.0 

B, a l/'Z n.~ ;u- 11.991- 22294-

B, C 5/8 ll.l 591 147.5 . 
a, c 3/4 u.1 632 113.6 100.9 

B, C run u.1 620 49.2 2.4 

A, B, C l/4 u.1 400 141.J 12).6 

A, B, C .J/8 11.1 584 175.l 

A, B, C l/2 11.1 745 175.1 129.4 

A, B, C S/S ll.l 806 us.2 

A, B, C .J/4 u.1 852 86.0 ll0-4 

A, B, C "111 ll.l 790 12.J 2.4 

' l/4 ll.l 129 12.J 16.1 

' .J/8 ll.l 198 21.5 

' l/2 ll.l 257 24.6 27.6 

' S/8 u.1 299 24.6 

' .J/4 u.1 )27 12.J 19.2 

' ."11l ll.l )17 15-4 o.o 
c l/4 ll.1 w 40.0 46.1 

c )/I ll.l 187 61.4 

c l/2 u.1 240 73.7 74.4 

c 5/8 11.1 m 73.7 

c 3/4 11.1 )(fl 66.1 7).2 

c 1'1111 ll.l 315 )6.9 SS.I 

•roroH tended to olo1e •al• ... 
••W torque Yalue1 are 1D prot.otnie tena1. 
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Yalftl Yalft Beadlratere TaUeatere D1lelaarp A • c 
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&, •• c 1/4 34.50 6.5 JOO 11-4 11.4 24.6 

'· •• c J/I 34.50 6.5 ,,, 21.6 2'7.1 ''"' 
•••• c 1/2 34.50 6.5 "' 11.4 J0.7 )I., 
'· •• c stl 34.50 6.5 J0.7 J0.7 24.6 

'·. 1/2 2.J.25 ,.... J6IJ 12.J 6.1 

&, • 1/2 34.50 6., '20 2'7.1 24.6 

&, I S/I 2.J.25 ·rrM "1 is., 15.5 

&, • S/I 34.50 6.5 612 J6.9 J6.9 

&, c "' 2.J.25 ,.... 52' u., lS.5 

'· c 5/1 34.50 6., "' 11.4 24.6 

&, c J/4 aJ.2' ,.... 6J1 21.6 J0.7 

'· c J/4 34.50 '·' "174 J0.7 u.o 

A 5/1 2.J.25 '"' 254 0.0 

' stl 34.50 '·' J40 ,,_, 
• 1/2 34.90 6.j - 2'7.1 

I st• 2.J.25 ,.... 261 . U.J 

• 51• J4.50 6.5 J4I u.o 

• J/4 2.J.25 ,.... m n.• 
• J/4 J4.50 6,, ,,, 49.2 

c 1/4 34.50 6.t UT 24.6 

0 1/2 34.50 6.t - 40.1 

c stl aJ.2' ,_ - 24.6 

c st• J4.50 6.t Tlf J0.7 

c J/4 2.J.at '"' J1S 11.4 

c J/4 34.50 6.t 4J1 49.a 

•Reternd \o bo\\oa ot nlH~ a\ ..i .... 
HFora11 t.eaded \o .i- ftl-
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